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PLICHD PLASUREMENDS CF TEE LATERAL CONTROL CHARACTERISTICS
OF AW ATRPLAIL SZOUIPPED WITH A CCIBINATION

ATLERCE-SPCILER CONTROL SYSTENM

By Lawrence A. Clousing and William H. IlcAvoy

SUTLIARY

”Tlg% tests were conducied to measure the lateral-
control characteristics of an airplane, eqguinucd with a
lateral-control system, in which as the flaps are 1o
the ailerons drocp and a gradual transition of lateral
control from ailerons to spoilers takes place. The par-
ticular airplane used in these tests was also cquloned
with a lMaxwell-type leading-edge slot. The tests showed
satisfactory lateral control except that at full deTlection
of the controls the values of pb/2V were less than 0.07
for most settings of flap, slot, and power; thut sstick

forces were higher than de51ruole in some conditions;
that a POuuctlod of control force and effectiveness
gradients occurrecd near neutral when spoilers 2lone were
operative,

and

IHTRODUCTION

Much study has been devoted to the attainment of
satisfactory labteral control when full-span flans are
employecd to increase the maximum lift. Quantitative
information on the lateral-control characteristics of
airnlancs enmploying ful"—span flaps is thereforc desir-
able. Flight tests have been conducted to measure the
lateral-control characteristics of an airplane cquinped
with o lateral-control system in which, as the flaps are
lowered, the ailerons droop and a gradual transition of
lateral control from ailerons to spoilers takes place,




heon

also

ad

-
4

¥

4

FATCHIN b}

s}

()

¥

ch tests

-
[

-
e} I i 1 {7s] 0 e O N o 0 0} 42
o Q@ ) 4 O o m 4 w0 QO S @) ko] @ »
ad o — le) [ O O OlNe) &= =3 I o o 8]

& O L) O S =Ll O QN4 el 20 3 3! Gt
w3 g enm e g o Gy O T W 1 o} & ood C <
4> ot O w4 n et non ot I e 43 40 TG O £y o O
o ¢ W o o~ o0 Z Lo Pt o O oo 1 o o
ot O 300 a0 O o oy b G G o 00 T [ O ol
[ JRY O A S m sy DR OO i [oN O i 1 3
AR oS o oo 0 G ad o] L340 [OREL) o~ . o
[oNEe] O @ o o e Gy [ L 0 P o TS B S = [69]
[niA G Qo o=l = O © + O O s i
o RE®) 3 1 QG S e Rt o] O [nIRv 3O W I ™
O Ca Q& GG @ 2 O m o O ¢y O ) .
Ue] I O3 © Pyert oo N_ o= (s « i Cr-
$af O+ 0o O0d 3O 5) b} [N BN . O
el o Gy O LR O L+ T o e ¢ I U G I = - o
o e 42 O O Sy 5ot e ¢ RO\ - O oo e ° 4
] et GG O @ o= S o N 1 03 )
¢34 GHAY A & O &y o o O I 14D L2 45N\ . ®
o C 53} ol ® T3 S w 0oy L & Oy NG 1w Gy .
1 e w =Y WO 00 o424 © 3 I & Q O O .
[} <3 ] 38 Ot 24 el WO el O = O LN o
@ (o= 2O add e O o @ e o] oed [ I & el O ° X8
¢ £ G0 & f O iR O QG i g8 )
e a Mmoo o~ Cnn Ragpen O e ® . .
43 4D ! 42~ 3 2 3 £ om0 n O . ° o
I <z n oo 90y g o0 DS IROBRONE o o
— O OO O O~ 00 D) m 2 ] . s Q.
— ] A2 Lo e S ico S o s Il B o s B o . &0
D o O O 4+ 0 dit @3 Qe Ol 7 46465 O . ° e
S O O - S IS R < & o I SV o ° i
5 s N . w43 . o 9 e
< 0 O 4D Lyt e O OF e Oy 420 owm mw o . )
SRR P OO ow B3 oS E 4 . . e
o £ S Gy ET S8 TG oo Gl O ° ° G
oo &% o~ O 0 O G D 3 oo o ot O e ° . .
& = 1 O = — O 0T 4 L oy ° . [
[ONRD) i e - D e O @ D ® 423 ° ° e

P <, [GIE S I~ B el e Mo B e 2o gl oo . .
D 48] nG G et Ot G O et DS O e ° . 3 e
& m s o3 Gy QO O . . vt
ISIE ] Ow Tt O GO0 e ° o .
(IO [} 1 g 0 oD TS o O . ° &)
(P G oseled v G0 0 G e Ced OO . > SN
> ¢ ad o 4> O o (OIS IE S Lo BRI o S A R ° . o] Ul
O e i B G I I o I PR s B A B O OO0 . . o
c QoA 40 & G D 0 O O S n O oo . ° NS
or Gy Do G EE O 0l n S . . ~ 4

ot G Oyl e~ 2 e e 20D — 42 D o O
O GO W G wm g OO0 D o ° . A
-+ e g S oLEC G &Y O &l .
®O 8730 OO W nnCoqad ° [ o
e K O o OO oW > < .
@ & (RIS S AR o RS GO0 ey O . i [
o © oD 8D o DI D " © i [ -
Ges O el GO e w < D [} o3 oo
- o=l £y GG oo o 2 O o o <y 0 B) £y &

Y 6342 [ e BN O] P G LTSS 5 o] O & 3 <

5O o (SN TR TN vo B S o I & i B G —! s €y [ e
o G W E e B 0TIl [ Fry T3 T

ral .

A
o]

HLS

Y.

pi



-

Incidence « o o . .
Aileron area (aft of hingc,
Stebilizer arca (incl g 3.

fusclage and 1,03 = ci

alonce o o o 0 o . .
Flevator aorca, aft of nge

(including 1.78 sq f to
Fin arca (including 1.

sq £t rudder balonce) . .
Rudder, aft of hinge

(including Q.35 sg chs)
Control surface movewmont

l‘Lt“ .A"j cr . ° . ° ° . . .
L]

Elevators , . . . .

Elc¢vator controls .

Ailerons (normaol) .

NG
Ailerons (drooped 297)

Right spoiler . . .
ILoft speiler o o

Ajileron control . .

Ailcron droop control

Bicvator tabs . . .

Mean acrodynamic chord . .

. L]

. -

. °
° .

. -
. .
° -

« « « « « « « 89.5 inches

o)

e o e s e 4 e e o 4 5

. . . 13.li squarc fect

.« . 3lL.5 squarc fcet
. « « 2.0 squarc fcet
.« « o« 10,5 sqguarc fecet

o o o« 1l.5 scuare feect

O . .
e .« 25 eithoer side

3-11,26 inchies forward,
2-5/3 inches aft

o o
.« « « 307 up, 20 down

. 7-1/L inches forward,
10-7/5 inches alt
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(lotc:  Flaps arc spring loaded)
(Tim T o~ ya e p . - “ o o
folerence on all angles o v 6 6 6 e e e e e e 6 e e e + 1
Toleorance on all control moverients o o « « + o + 1/L inch
The manner in which the waxinum movemonts of tho
allirons and spoileors arc affocted by change in flap sctting
is shown in figurc 6. Inasruch - as hb flap was spring
leeded, 1t was froo to nmove up fren a fvll-deown scthing
wicen ol iorc\u oxecoded th iz Ldi-g. The movement

thic ©lap ir this manncr “Sfd no cheo
relotive movements of tho spoilecrs,
the asctiing of tbo 1qu¢ c 1o no-load
3 r ! the

~iction in

conditicrﬁ is

flomn positions of

g
provided
llap

lateral control

zhown in

and full down, T
o fricticn crc i 2
controls in cach dircction,
C+1J7 sreo 1is indicﬁtbd by onc-
n the values of forcecc shown
TISTALLATICE
Itcma Moasurcd Instrument
Time PACA timer
£ir snced MACA zirspaed control
Rolling vclocity NACA recording turnn
tianifold prossurc Standard airplunc manifold
PrisSsure gruge
Rom Standard airplanc
tachometor
Froe~alir Somperaturs Standard cirplanc indi-
citing thermomcter




Allorcen and spoiler anglces NACA control-position

rccordor

Sticlk position MACA con®trol-ncsition
recorder

Play pesition NACA control -position
reccordeor

Sideslip angle FACA vaw-anglc rocordcer

Stick forcco NACA stick-force recorder

ihe airsrcod roceorder was connceted to 2o swiv
pitot-static head, which was frce to rotate in piteh
located on a boom,uxtcndlng a“ﬂu+ a chord longth ah
of the left winz tip., All ¥
synchronized by bthe tiner,
phot oprlgbvcnllv.

<

The aileron and sroiler control-position rccorders
were mounted at thoe control surfaces, and thus reccorded
accuratc angles ol thesc surfaces *rr“*ﬁcctlv of the
deflcoetion in the control system. The stick-position
rccorder was mounted at the rear stick, ncar the control
stops,

RESULTS AIND DISCUSSION

The lateral control moasurcments arc comparod with
uhu rcquircments for satisfactory lateral control sct up

coguircment of rcforence 1 (II-B-1) specifics
thot,at any gixbn speed, the maXirmun rolling vcelocicy
obtained by abrupt usc of the allecrons should vary smoothly
with thc aileron deflcction and should be apvfoxwmdlely
provortional to thoe ailcron deflection, The ability of the
latcral controls to mocet this reauircment is indicated by
rlotting the rolling velocity in abrupt ruddcr-fixcd
2iloron rells as o functlion of stick deflection for the
following conditions:




Fignre Hc. I"lap Position Slot Position Power
21 Tull up Closcd On and OFf
2 Full up Opcn n and Cff
13 no-third dewn Closcd Cn and Off
1 one-third down Opcn On and Off
15 Two-thirds down Closcd On and Off
16 Two-thirds down Opcn Cn and Off
1 Full cown Closecad (nn ona CFfF
18 Full down Cpen On and Cff

The rceaquircricnt met for all conditions
cxecopt the flap-full-d (leteral control entircly
by spoileors). In this will %g notcd from Iigurces
17 and 18 that ths mov sticlt when ncar its
nentral position did Y s amc chazgc in rolling
veloelty as when disnlaccd from noutral. This condition was
considrred unsatbtisfactc Gl riots,

\notiier roguiromont © Fforonece 1 (LI-B=2) snccifics
that tho variazticon of sration with time following
an obrupt control dcfle the corroct
dircetion and should »o e tor thon $.2
sceond after the controls have rcoched their given deflectilon.
The ability of the luate - recguircment
is indicatcd by the time tvpical abrurnt,
ruddor-rixed, ailoron FOllo. In figurc 19, control is ohtein-
cd entircely by the allerens, and in figurs 20 control is
obtrined cntircly by the spoller Figvres 19 ond 20 show

< roquiron orﬁ" orG T ithor

S
t for control by citho
r

e prosumcd that thercfors this
“LleP, ent is met for any cormbination of aileron and snpollors,
The pilots noticed no adversc rolling acco 1@ratlon or noticc-
2blc log in any of the abrupt ailsron rolls maldce,.

The ~bility of the laterol controls to moct another

roguirceriont of roforence 1 (1I-B-3) ie indicated in figurcs
21 through 28, This rcoquir wcr“ specifics that the moximum
rollir i usc of ailcrons alono

should ke clc gencrated by the wing

tin - than 0.C7 wherc p o 1S

thc ma adions per sccond, b is
the wi ruc adrspecd in feot por
sceona t the curves of figurcs 21
thyoug oints for rolls of full stick



deflecction but that the curves arc rnicvertheless oxtra-
polatecd to full stick deflcction., The cxtranolation of

the curve to Tull stick defloction with the control system
under load is considercd valid, The stick-position rccord-
er was mountcd in thc control system ncar the control stops,
Thus, the limiting valucs of stick movement rccorded worc
the same uvnder load as undor no 10ﬂd The range of anglces
ovor which the cxXtrapolation is ca cd out is small,

Rolls were not actunlly mode ot fu Su1ck acficction in
ordcr that the controli forcces \hwch were also measurcd
during the rolls might not include an indetcrminatc amount
of forecc duc ©o holding thc control against the stop. The
cxtent to which this rcouirciwent is met for full stick
deflcction at the lcest fevorable spceds for various con-
ditions 1s summarizcd in tho following tabulation:

I\un

Max.
ph/2v pb/ 2V
Figurc Flap Slet Snecd rizht lcft
numbcr pos°u"\n position Powcy mph roll roll
21 Up Cicscd orf 108 0.05L  0.062
21 Up Closcd On 78 .07 .06
22 Up Opcn orf 10 OLT . 035
22 Up Opon On 6 .08 .051
2% 1/3 Down  Closcd off 79 L0656 .052
2% 1/3 Down  Closcd Cn 121 L071 .068
2 1/3 Down  Opcn Cre 06 LOLE .OLS
2l 1/3 Down  Opocn On <057 .051
25 2/3 Down  Closcd orf 9M .015 .0%0
25 2/% Down  Closcd On Lol2 0
26 2/% Down  Opcn Of f 9& .0L2 OE
26 2/3 Down  Open on 121 .065
27 Down Closcd ore 75 .055 043
2Z Down Closed On 103 L0654 .070
28 Down Open orf 9 .080 .ogo
28 Down Cpen On 104 . 073 .080

It will be noticed thot the pb/2V rcquircments of
cference 1 arc not met., Thore 1s considerable variation
in the maximum valucs of ph/2V  for the various conditions,.
It appcars that highcst veolues of pb/2V arc obtained in
the flap-full-down condition with thce flap-two-thirds-down

condition giving thc lowest values of pb/2V.
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infleetion in the force curves ncar the ncutral position.
Mic inflcectlon was noticecohls so the pilete in flishi,

Anothor roaqu
that,aft cvery sp
snced, 1t should
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Figurcs L ) tho ability of the
l2teral controls to oot cu of roigronce 1
(II-C) which spocifics th wri der locked at 110
pereont of the wminirum specd, the sidesliv develored as &
result of full atloron deflection should not oxccad 20°,
The wminirnor apcocds for the variouvs conditions ond tho maxi-
rmam angle of sgideglip obtoincd arc tabulatcd g Tollows:

naxirum
Minimun Anglc of
Tigurc Plap Slot Snced 2iacslip
Tumbcr Position Poazition Powcr miph DUz os

=
=

NS ..

55 mph
75 mph

d Off  70.5-77

Up Closc
Closcd Cn -

Up

-

9 NS R RN s Ry |
javl

e e e

L

B

o B . . (<

i Up 7 Off - 79.0-32 15 ot 93 wph
ty n e on -- 22 ~% Bl mph
&5 1/3 Down Closcd orf -- 19 ~% 79 mph
i5 1/3 Down Closed Cn - 17 ot 70 mph
h5 1/3% Down Cnen orre - 15 2t 88 moh
1:5 1/% Down Cpen 0n - 22 2t 62 mph
L& 2/3 Down Closcd ofrfe - 10 at &1 mph
7 ~' 15 .
L6 2/3 Down Closcd On - 16 at: 6L mph
1.6 2 /7 Down Open ore - 10 ~t 31 mph
Qé 2/3 Down Opcn Cn - 15,5 a2t A0 mph
07 b1l Down  Closed  OFf  60.5-62.5 11.5 ot 75 mph
i 2 . . N 1 .
17 ¥ull Down  “lesca Cn 19.0-50,0 105 2%t 68 mph
L7 7all Down Opon ore b§.5—§5.0 11.5 2t 78 mph
L7 ™11l Down  Cren Cn 12.5-19,0 13 2t 59 mph

pUs
'~
~d

Minimam spesd dcpondent upon cowl flan, and hood pesitions.
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>d from the tebulcotion that 20 of si

Ly one condition at which a valuec of
G

It apnears, however, thot the svpced
was Lower than 110 wercont
- > not cppuaiﬁ as the
not obiained for the condition conccrnod,
oomony varicd voalucs of minimum specd of this
is not possiblc te state d LlhlLbly whe thor or
iroment has been met for all conditions. In
ver, i1t appoars thet the reguircmont is mot
YR ]

Cn the whole, the pilots regarded tho lateral controls
as unsatisf:chorw. With controls entircly by the ailcrons
(flaps up), control forces were teo heavy and the controls
scemed to providoe fic ¢ rolling velocity. With
control ontirely C . (flaps down), control
scenod uncortain, It is clioved thot this cffect was coauscd
by the nonlincar characbtoristics of tho 1rto: ConLrol whon
near the neutral pesition is shown by Tiswss 17, 18, 27,
28, =nd h1., It was tho fupvession of tio pilots thnt as the
stick wos moved hovond 2 cortal: sgion noor noutral the
rolling vcloeclty rosulting v i n tond to ho the cxact
value desired by the pilod ,*. ntly, the nonlincar roll
and force characterist i Lk control ulff tecult, It
is not beolicved that f3 &, and q show this

5
characteris o . ;> by the nilots,
U7OUmD]V b abyl ~“SUf~*le1 numbur of tost noints woroe
chtainced with controls nenr thoe ncutral position. Contrel
Torces woro most sat?351Ctory vhen obtained by o combinntion
of aillerons and sp crs in the Clap-oncg-third-down position,
Howcver, 1n this condition os in other conditions the
impression was goined thot loberol control was insufficiont,

1. The variction of mox
laterel stick movement ng obtainc : D
rolls was satisfactorily smocoth cxeopt when control was by
spoilor alonc.

2. There was no log in the attainment of moximum
ng acccleration with any combination of ail
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ere less than the roequircd value of 0,07
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tio flap, slot, and nower,
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L. The variation of 1a

latecral-control force with
latoral stick mevement was satisfactorily smooth except
when controi was by the speilers alone.

5 The force was eoverywhere great enough to return
n

the control to trim mnosition.

6. It was not nossible to obtain a value of pb/2V
of 0,07 at every sneed Lgle 80 percont of maximun level-
flight speed without cxcceding 30 pounds applicd at zrip
of thc stick,

7. e 31dusl developsd as a result of fvll
d gl CuLOh’ rudys r~;nﬂkcd, aileron rells did not exceed

4

o
207 at 110 I/uco“t o the

Aacs A»PO“aht’Cﬂl Laboratory,
Tatlonal Advisory Committec for Aeronautics,
Morfett Ficld, California.
T INT T
.LL'_J; s
1. Gilruth, R. R Requircements for Satisfactory Ilying

E) o.o: _.«u B
Qualities of Air»nlonos. JACA ACR, April 194l,

11

‘or full doflection of the controls, the values of
71 !
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Pigure 5.- Typical sections of high-lift devices and
lateral controls.
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controls on the ground.



Pigure 1l1.- Rolling velocity as a function of lateral stick
position, flaps up, slots closed.
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Flgure 12.~ Rolling velocit
position,
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Flgure 14.- Rolling velocity as a function of lateral stick
position, flaps one-third down, slots open,




slots closed.

Figure 15.- Rolling velocity as a function of lateral stick
position, flaps two-thirds down,
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Figure 16.- Rolling velocity as a function of lateral stick

position, flaps two-thirds down, slots open.
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position, flaps full down, slots closed.
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Figure 20.- Time history of an abrupt rudder locked roll by use

of spoilers, flaps full down, slots closed, power off,
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Figure 21.- Helix angle, pb, 2V, as a function of lateral stick
position, flaps up, slots closed.
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position, flaps up,
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Flgure 24.- Helix angle, pb/2V, as a function of lateral stick
position, flaps one-third down, slots open,
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position when under no load and when in flight, flaps two-

Figure 33.- Relatlon between alleron angle and lateral stick
thirds down,
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Figure 34.- Relation between spoiler angle and lateral stick

position when under no load and when in flight, flaps two-

thirds down,
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Pilgure 35.- Relation between alleron angle and lateral stick
down,
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Figure 36.- Relation between spoiler control and la
down,
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Figure 38.« Variation of aileron stick force with lateral stick
position, flaps up.
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Figure 39,- Variation of aileron stick force with lateral stick

poslition, flaps one-third down.



4
e

15
4‘--

[3ey

»
[
-
>3
x <
Rz
[=]
-
ony > w
o«
o «
= «
i 40
pr# «<u
E3
+11 o w
Hi -
ShEs - -
+ < -
3 z -
b
2
(=3
[

diatthe
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position, flaps two-thirds down.
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Figure 46.~ The angles of sideslip developed as a result of
lateral stick movement, flaps two-thirds down.
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